Abstract. By means of the iteration method with weighted norms existence and uniqueness theorems are proved for three classes of nonlinear integral equations and first order integro-differential equations in two variables. The quadratic nonlinearity is given by the correlation-convolution integral. Existence and uniqueness of the solutions are shown in Lebesgue spaces with mixed norms in rectangle and strip.
Introduction
The paper deals with a class of integral equations and two classes of first order integro-differential equations in two variables with a quadratic integral term composed by an auto-convolution with respect to one variable and an auto-correlation with respect to the other variable. These equations generalize integral and first order integro-differential equations in one variable with an auto-convolution term (as appearing in equations for reflection functions in linear wave theorie [1, 8] ) on the one side and with an auto-correlation term (as appearing in the equations of statistical mechanics [4 -7, 9] ) on the other side. The integro-differential equations may be considered as model equations for general partial integro-differential equations with correlation-convolution integrals.
In this first part of the paper, for equations in rectangle and strip the iteration method in Banach spaces with weighted norms is used for proving existence and uniqueness of solutions in Lebesgue spaces with mixed norms. Also, by means of exponential weights, uniqueness of the solutions to the equations is discussed in a direct manner. In the second part of the paper, for equations in the quarter plane, existence and constructive formulas for solutions will be investigated by means of methods of complex function theory.
Statement of equations
We deal with the integral and integro-differential equations in two variables
∂p ∂t
for (t, τ ) ∈ R := (0, T 0 ) × (0, T ) with 0 < T 0 , T < ∞, where λ, µ ∈ R and I 0 is the quadratic correlation-convolution operator of p
These equations are also considered for (t, τ ) ∈ S := (0, ∞) × (0, T ) (i.e. for T 0 = ∞), were the integral I 0 is replaced by
To equation (2) and to equation (3) with λ = 0 the initial condition
is added, to equation (3) with λ ≥ 0 further the condition
Equations with Correlation-Convolution Integral I 5 3. Existence and uniqueness for equation (1) In equation (1) for (t, τ ) ∈ R = (0, T 0 ) × (0, T ) we write the integral I 0 in the form
where * denotes convolution with respect to τ . This integral is the quadratic form of the bilinear operator
For operator equations of the form p + B[p, p] = h with bilinear operator B there exist particular existence theorems in Banach spaces with a scale of norms which we apply in the form of [2, 3] . We use the Banach spaces
with mixed norms · α,γ and the scale of exponentially weighted norms
where, for α < ∞,
and analogously, for α = ∞, p ∞,γ (γ < ∞) and p ∞,∞ = sup ess τ,t |p(t, τ )|.
We notice that we always assume T < ∞ so that the weighted norms · α,γ;r for any r ≥ 0 are equivalent norms in L α,γ . For operator (7) we have by Hölder's inequality the estimates
where β = α α−1 with α ≥ 1 and hence, for γ ≥ α, 
with
, and analogously for p 1 and p 2 interchanged where 1 ≤ α ≤ γ ≤ ∞, with 1 β = 0 for α = 1 and
By the existence theorem in [2, 3] then a uniquely determined solution p ∈ L α,γ to equation (1) exists for any h ∈ L α,γ . This solution can be calculated by iteration and it is stable with respect to perturbations of h satisfying a local Lipschitz condition of the form
with some continuous increasing function Λ(·, ·) [2] and
for sufficiently large r and sufficiently small h 1 −h 2 α,γ;r [3] , where p j ∈ L α,γ are the solutions to equation (1) for h j ∈ L α,γ (j = 1, 2).
For α = 1 the coefficients N 1 , N 2 in (9) are independent of T 0 so that the existence theorem also holds for equation (1) with integral I from (4) in the strip S = (0, ∞) × (0, T ) in this case. (9) with
Equations with Correlation-Convolution Integral I 7 4. Existence and uniqueness for equation (2) Equation (2) with initial condition (5) is reduced to the equation
where
h(t, σ) dσ and * denotes again convolution with respect to τ . The bilinear operator corresponding to (10) has the form
We again assume 1 ≤ α ≤ γ and estimate
This yields the estimation
for r > max(1 − µ, 0). Hence by (9) we obtain analogous inequalities for C µ
So we have existence of a unique 
Equation (3) with λ = 0
Equation (3) for λ = 0 with initial condition (6) reduces to the equation
h(s, τ )dτ and denotes convolution with respect to t. The bilinear operator corresponding to (11) is given by
Applying Young's inequality with respect to t we obtain
which yields the estimate 
So we obtain the existence of a unique (mild) solution p ∈ L α,γ (1 ≤ α ≤ γ, γ > 1) to equation (3) for λ = 0 with condition (6) for any ϕ, h with h 0 ∈ L α,γ in equation (11). This is fulfilled if ϕ ∈ L γ and h ∈ L 1,γ . If also h ∈ L α,γ , by equation (3) with λ = 0 and inequality (9) 
In the particular case µ > 0, for α = 1 the coefficientsÑ 1 andÑ 2 in (12) are independent of T 0 and the result is valid for equation (3) 6. Equation (3) with λ = 0 Equation (3) for λ > 0 in R = (0, T 0 ) × (0, T ) with initial conditions (5) and (6) is equivalent to the equations
and
We consider equations (13) 
We estimate
Changing the order of integration with respect to τ and t and using Young's inequality with respect to t, for T 0 ≥ T λ we obtain
Equations with Correlation-Convolution Integral I 11 for r > max(0, − µ λ ). Further, using now Young's inequality with respect to τ we get
Therefore, in both cases the estimation
for r > max(0, − µ λ ) holds. Observing inequalities (9), the desired inequalities
follow where (3) for λ > 0 with conditions (5) and (6) 
